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REFRIGERATION SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] The present patent application claims the benefit of priority as 
available under 35 U.S.C. § 11 9(e)(1) to U.S. Provisional Patent Application 
No. 60/422,435 titled "Refrigeration System" filed on October 30, 2002. 

[0002] The present patent application incorporates by reference in its 
entirety U.S. Provisional Patent Application No. 60/422,435 titled 
"Refrigeration System" filed on October 30, 2002. 

FIELD 

[0003] The present inventions relate to a refrigeration system. The present 
inventions relate more particularly to a refrigeration system having a 
secondary coolant. The present inventions relate more particularly to a 
refrigeration system having carbon dioxide as a secondary coolant. 

BACKGROUND 

[0004] It is well known to provide a refrigeration system such as a 
refrigerator, freezer, temperature controlled case, etc. that may be used in 
commercial, institutional, and residential applications for storing or displaying 
refrigerated or frozen objects. For example, it is known to provide a variety of 
refrigerated cases for display and storage of frozen or refrigerated foods in a 
facility such as a supermarket or grocery store to maintain the foods at a 
suitable temperature well below the room or ambient air temperature within 
the store. It is also known to provide refrigerated spaces or enclosures, such 
as walk-in freezers or coolers for maintaining large quantities or stocks of 
perishable goods at a desired temperature. 
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[0005] Accordingly, it would be advantageous to provide a refrigeration 
system for use with a variety of refrigeration devices that are located 
throughout a facility. It would also be desirable to provide a refrigeration 
system for use with a refrigeration device within a refrigerated enclosure such 
as a walk-in freezer. It would be further advantageous to provide a 
refrigeration system that may be operated using a coolant a compound that is 
naturally found in the atmosphere (instead of or in combination with 
conventional or synthetic refrigerants). It would be further advantageous to 
provide a refrigeration system that reduces the amount of conventional 
refrigerant used. It would be further advantageous to provide a refrigeration 
system that uses a primary refrigeration system having a primary refrigerant 
to remove heat from a secondary cooling system having a coolant that is 
routed to the refrigeration devices. It would be further advantageous to 
provide a refrigeration system with a secondary cooling system that uses the 
latent heat of vaporization of the coolant to provide cooling to a refrigeration 
device. It would be further advantageous to provide a refrigeration system 
that is configured to use carbon dioxide as a coolant. It would be further 
advantageous to provide a refrigeration system that combines two or more 
components of the system into an assembly. 

[0006] Accordingly, it would be advantageous to provide a refrigeration 
system having any one or more of these or other advantageous features. 

SUMMARY 

[0007] The present invention relates to a refrigeration system that includes 
a first cooling system having a refrigerant in thermal communication with a 
heat exchanger device to provide a first cooling source. A second cooling 
system has a coolant in thermal communication with the heat exchanger 
device and a refrigeration device is configured to receive the coolant. A third 
cooling system is configured to provide a second cooling source to the coolant 
when the first cooling source is unavailable, so that a pressure of the coolant 
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does not exceed a predetermined level when the first cooling source is 
unavailable. 

[0008] The present invention also relates to a refrigeration system that 
includes a primary cooling system configured to circulate a refrigerant to a 
heat exchanger. A secondary cooling system is configured to circulate a 
coolant to the heat exchanger and at least one refrigeration device. A 
separator is configured to direct a vapor portion of the coolant to the heat 
exchanger and a liquid portion of the coolant to the refrigeration device. A 
third cooling system is configured to receive a vapor portion of the coolant 
from the secondary cooling system. 

[0009] The present invention also relates to a refrigeration system that 
includes a primary cooling system configured to provide a first source of 
cooling to a coolant. A standby cooling system is configured to provide a 
second source of cooling to the coolant. A secondary cooling system is 
configured to circulate the coolant to at least one refrigeration device and to 
be cooled by the first source of cooling when the first source of cooling is 
operational, and to be cooled by the second source of cooling when the first 
source of cooling is not operational, so that a temperature of the coolant does 
not exceed a predetermined temperature. 

[0010] The present invention also relates to a method of providing cooling to 
at least one cooling device and includes circulating a refrigerant to a heat 
exchanger, circulating a coolant to the heat exchanger, routing the coolant to 
a separator, directing a vapor portion of the coolant to the heat exchanger, 
directing a liquid portion of the coolant to the cooling device, and directing the 
coolant from the cooling device to the separator. 

[0011] The present invention also relates to a refrigeration system and 
includes a primary cooling system configured to provide a cooling source. A 
secondary cooling system is configured to route a coolant to be cooled by the 
cooling source, and a vessel communicating with the secondary cooling 
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system is configured to accommodate an increase in temperature of the 
coolant when the cooling source is insufficient to maintain the coolant below a 
predetermined temperature. 

[0012] The present invention also relates to a refrigeration system and 
includes a primary cooling system configured to provide a source of cooling. 
A secondary cooling system is configured to circulate a coolant to be cooled 
by the source of cooling, where the coolant is in one of a liquid state, a vapor 
state and a liquid-vapor state. A volume is inherent in the secondary cooling 
system and is configured to accommodate expansion of the coolant in the 
event that the source of cooling is insufficient to maintain the temperature of 
the coolant below a predetermined temperature level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIGURE 1 is a schematic diagram of a refrigeration system 
according to a preferred embodiment. 

[0014] FIGURE 2A is a schematic diagram of a refrigeration system 
according to a preferred embodiment. 

[0015] FIGURE 2B is a detailed schematic diagram of the refrigeration 
system of FIGURE 1 according to a preferred embodiment. 

[0016] FIGURE 2C is a schematic diagram of a portion of the refrigeration 
system of FIGURE 1 according to a preferred embodiment. 

[0017] FIGURE 2D is a schematic diagram of a portion of the refrigeration 
system of FIGURE 1 according to a preferred embodiment. 

[0018] FIGURE 2E is a schematic diagram of a portion of the refrigeration 
system of FIGURE 1 according to a preferred embodiment. 

[0019] FIGURE 3A is a front view of a portion of the refrigeration system of 
FIGURE 1 according to an exemplary embodiment. 
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[0020] FIGURE 3B is a side view of a portion of the refrigeration system of 
FIGURE 1 according to an exemplary embodiment. 

[0021] FIGURE 3C is a top view of a portion of the refrigeration system of 
FIGURE 1 according to an exemplary embodiment. 

[0022] FIGURE 4A is a schematic diagram of a refrigeration device 
according to an exemplary embodiment. 

[0023] FIGURE 4B is a schematic diagram of a refrigeration device 
according to an exemplary embodiment. 

[0024] FIGURE 4C is a schematic diagram of a refrigeration device 
according to an exemplary embodiment. 

[0025] FIGURE 5 is a schematic diagram of a refrigeration system 
according to another preferred embodiment. 

[0026] FIGURE 6 is a detailed schematic diagram of the refrigeration 
system of FIGURE 5 according to a preferred embodiment. 

[0027] FIGURE 7 is a side view of a component of the refrigeration system 
of FIGURE 5 according to an exemplary embodiment. 

[0028] FIGURE 8 is a side view of a schematic representation of 
components of the refrigeration system according to an exemplary 
embodiment. 

[0029] FIGURE 9 is a side view of a schematic representation of 
components of the refrigeration system according to an exemplary 
embodiment. 

[0030] FIGURE 10 is a side view of a schematic representation of 
components of the refrigeration system according to an exemplary 
embodiment. 
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[0031] FIGURE 1 1 is a side view of a schematic representation of 
components of the refrigeration system according to an exemplary 
embodiment. 

[0032] FIGURE 12 is a side view of a schematic representation of 
components of the refrigeration system according to an exemplary 
embodiment. 

[0033] FIGURE 13 is a side view of a schematic representation of 
components of the refrigeration system according to a preferred embodiment. 

[0034] FIGURE 14 is a schematic representation of components of the 
refrigeration system according to an exemplary embodiment. 

[0035] FIGURE 1 5 is a schematic representation of components of the 
refrigeration system according to an exemplary embodiment. 

[0036] FIGURE 16A is a schematic representation of components of the 
refrigeration system according to an exemplary embodiment. 

[0037] FIGURE 16B is a schematic representation of components of the 
refrigeration system shown in FIGURE 16A according to an exemplary 
embodiment. 

[0038] TABLE 1 is a listing of design and sizing parameters and 
considerations for use in developing a refrigeration system according to an 
exemplary embodiment (6 pages). 

[0039] TABLE 2 is a is a listing of design and sizing parameters and 
considerations for use in developing a refrigeration system according to an 
exemplary embodiment (3 pages). 

DETAILED DESCRIPTION 

[0040] Referring to the FIGURES, a refrigeration system 10 is shown having 
primary refrigeration system 20 intended to cool a secondary cooling system 
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30 that has a coolant configured for circulation to one or more refrigeration 
devices 12. The refrigeration system is intended to reduce the amount of 
conventional refrigerant used to provide cooling to the refrigeration devices by 
providing a secondary cooling loop that uses as a coolant a compound that is 
found naturally in the atmosphere. In typical refrigeration systems that use a 
conventional refrigerant, such refrigeration systems often include conventional 
components that are configured to accommodate the pressure level 
associated with the saturation pressure of the refrigerant within the volume of 
the refrigeration system in the event that the refrigerant reaches the 
temperature of the surrounding ambient environment. Compounds that are 
found in atmospheric air, when used as a coolant in a quantity necessary to 
provide the desired cooling to the refrigeration devices and with the typical 
volume of a conventional refrigeration system, may be associated with a 
saturation pressure that exceeds the maximum design pressure of 
conventional refrigeration components if the temperature of the coolant 
increases substantially above a normal operating temperature (e.g. when the 
coolant approaches the ambient temperature of the surrounding 
environment). According to any preferred embodiment, the refrigeration 
system maintains the coolant within a desired pressure range for use with 
conventional or other refrigeration system components. 

[0041] Referring to FIGURE 1, a refrigeration system 10 having a primary 
refrigeration system 20 and a secondary cooling system 30 is shown 
according to one preferred embodiment. Secondary cooling system 30 is 
shown schematically as interfacing with a main condenser-evaporator 40, and 
including a separator 50, a subcooler device 70, at least one refrigeration 
device 12, and a standby condensing system 80. 

[0042] Referring to FIGURES 1 through 2B, primary refrigeration system 20 
includes refrigeration equipment of a conventional type (e.g. compressor, 
condenser, receiver, expansion device, valves, tubing, fittings, etc. - not 
shown) that are configured to a cool and route a primary refrigerant to a heat 
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exchanger (shown schematically as main condenser-evaporator device 40 
and may be a plate-type or other suitable type of heat exchanger). According 
to a particularly preferred embodiment, primary refrigeration system 20 is a 
direct expansion system and the primary refrigerant (such as a conventional 
refrigerant, for example, R-507 or ammonia) has a temperature at the inlet to 
main condenser-evaporator 40 of approximately -25 deg F [below zero] (or 
lower as required by the particular application). All or a portion of the primary 
refrigeration system 20 may be provided at any suitable location such as on 
the roof of a facility (e.g. supermarket, grocery store, etc.) or in an equipment 
room within the facility or other suitable location. Primary refrigeration system 
20 is operated and controlled in a conventional manner to provide a desired 
amount of cooling to the main condenser-evaporator, in response to the heat 
load on the main condenser-evaporator from the secondary cooling system. 
According to an alternative embodiment, the primary refrigeration system may 
be a "flooded" type system (i.e. the refrigerant exiting the heat exchanger may 
contain both liquid and vapor and may be moved through the system primarily 
by gravity and thermal conditions). 

[0043] Referring further to FIGURES 1 through 2B, secondary cooling 
system 30 includes a coolant adapted to circulate to main condenser- 
evaporator 40, separator 50 (shown schematically as a liquid-vapor separator 
device in a generally vertical orientation - see FIGURES 2D and 3A through 
3C), a subcooler device 70 (see FIGURE 2E), at least one refrigeration device 
12 (such as shown schematically, for example, in FIGURES 4A through 4C), 
and a standby condensing system 80 (shown schematically as an auxiliary 
condensing system). A secondary coolant is configured for routing through 
secondary cooling system 30. The coolant is circulated to the main 
condenser-evaporator 40 for cooling and condensation and then directed to 
separator 50. Coolant in separator 50 that is in a vapor state rises to the top 
of separator 50 and is directed back to main condenser-evaporator 40 for 
further cooling and condensation. Coolant in separator 50 that is in a liquid 
state falls to the bottom of separator 50 and is routed to refrigeration device 
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12 by natural circulation or by a coolant flow device (e.g. centrifugal pump or 
positive displacement type pump, etc., shown schematically as pump 14 in 
FIGURE 2B) at a temperature suitable for use in a cooling interface 16 (e.g. 
evaporator, cooling coil, etc. of a conventional type) to cool objects (e.g. food 
products, perishable items, etc.) in the refrigeration device. According to an 
alternative embodiment, the secondary cooling system may be provided 
without a separator for systems in which the coolant is returned from the 
refrigeration devices to the main condenser evaporator without separation of a 
liquid portion from a vapor portion of the coolant. 

[0044] In the event that carryover of vapor occurs in the supply of coolant to 
the refrigeration devices (depending on the nature and type of the 
application), a subcooler 70 having a heat exchanger 72 may be provided that 
is configured to circulate a refrigerant from the primary refrigeration system 20 
via a supply line 22a and a return line 24a to provide sufficient additional 
cooling to condense any remaining vapor to provide substantially entirely 
liquid coolant to any coolant flow devices (e.g. pumps such as a gear pump or 
centrifugal pump, etc.). In the event that vapor carryover does not occur in 
the actual system installation, the subcooler may be removed, retired, or 
omitted. According to a particularly preferred embodiment, refrigeration 
device 12 is a "low temperature" device (e.g. walk-in freezer, reach-in freezer, 
coffin-type freezer, etc.) and the temperature of the coolant leaving main 
condenser-evaporator 40 is approximately -20 deg F [below zero] (e.g. -15 to 
-25 deg F [below zero]). According to an alternative embodiment, the 
refrigeration devices may be "medium temperature" devices, such as 
temperature controlled cases for meat, fish, and deli applications. 

[0045] Secondary cooling system 30 may interface with a single 
refrigeration device 12 (see FIGURE 1) or with multiple refrigeration devices 
12 (see FIGURE 2A). In systems having multiple refrigeration devices, the 
flow of coolant to each of the refrigeration devices may be controlled in an 
"on/off" manner by opening and closing a valve (not shown) based on a signal 
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representative of the cooling demand of the refrigeration device (e.g. 
temperature of air space, cooling interface, product, thermostat, timer, etc.). 
The flow of coolant to each of the refrigeration devices may also be regulated 
proportionately in a manner that increases or decreases flow by regulating the 
position of a flow control device (e.g. valve, etc.). 

[0046] The temperature and pressure of the coolant in the secondary 
cooling system are normally maintained within a desired range by the 
cooling/condensation provided by the primary refrigeration system in 
connection with the main condenser-evaporator. The temperature of the 
coolant may increase if the refrigerant in the primary refrigeration system is 
unable to provide a necessary amount of cooling (e.g. the primary 
refrigeration system becomes unavailable, malfunctions, operates at a 
decreased performance level, power outages, maintenance, breakdown, etc.). 
When the temperature of the coolant increases, an increase in pressure of the 
coolant occurs, due to the generally constant volume of the piping and 
components of the secondary cooling system. The primary refrigeration 
system may become unavailable under any of a variety of circumstances. For 
example, the primary refrigeration system may become intentionally 
undersized or unavailable (e.g. during defrost operation, maintenance or 
service activities, etc.) or the primary refrigeration system may become 
unintentionally (or accidentally) unavailable (e.g. due to equipment failure, 
power loss, refrigerant leakage, etc.). The amount of coolant in the secondary 
cooling system is based on the heat removal requirements of the refrigeration 
devices (using standard design considerations, such as ambient temperature 
and humidity, usage factor, etc.). Due to the heat transferred to the coolant in 
the cooling interfaces (e.g. evaporators, etc.) of each of the refrigeration 
devices, some portion of the liquid coolant will evaporate or transition to a 
vapor state. 

[0047] According to any preferred embodiment, the latent heat of 
vaporization is used to remove heat from the refrigeration device (e.g. in a 
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cooling interface such as an evaporator, cooling coil, refrigerated pan, gravity 
coil, etc.) rather than accomplishing heat removal solely by sensible cooling 
with a liquid coolant. The system is designed with a circulation rate which is 
defined as the (dimensionless) ratio of the mass flow of liquid coolant supplied 
to the refrigeration device divided by the mass flow of liquid that evaporates in 
the refrigeration device. Thus if the circulation rate is 1 .0, all of the liquid 
coolant being provided to the refrigeration device is evaporated. If the 
recirculation rate is greater than 1.0 a "liquid overfeed" condition is provided 
where only a portion of the liquid coolant provided to the refrigeration device is 
evaporated and a mixture of liquid and vapor coolant is returned from the 
refrigeration device. 

[0048] According to a particularly preferred embodiment, secondary cooling 
system 30 is designed with a circulation rate of approximately 2.0 (i.e. one- 
half of the liquid supplied to the refrigeration device is evaporated). As the 
coolant removes heat from refrigeration device 12, the vapor content of the 
coolant increases and the coolant in vapor form or mixed liquid and vapor 
form is routed to separator 50. The liquid portion of the coolant returned from 
refrigeration device 12 falls to the bottom of separator 50 and is directed back 
to refrigeration device 12 and the vapor portion. of the coolant rises to the top 
of separator 50 and is directed to main condenser-evaporator 40 to complete 
the cycle. 

[0049] For refrigeration systems that include a coolant flow device (such as 
pump 14 shown in FIGURE 2B), the pump can be provided with a variable 
control device to facilitate circulation of the coolant under varying load 
conditions (e.g. beginning and ending defrost cycles, cooling loads, etc.). 
Typical refrigeration systems having a pump with a variable speed drive tend 
to control the speed of the pump based on the pressure difference (e.g. head, 
etc.) necessary to circulate the coolant between the system supply and return 
at a relatively constant pressure difference. According to one embodiment, 
the speed of the pump is variably controlled according to a "superheat" 
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condition of the coolant exiting the refrigeration devices. The circulation of the 
coolant is maintained at a circulation rate of slightly less than 1 .0, where the 
coolant supplied to the refrigeration devices is evaporated and leaves the 
refrigeration device(s) at a slightly "superheated" condition (e.g. between 1 
and 5 degrees F above the saturation temperature of the coolant). The speed 
of the pump is controlled in a manner to maintain the "superheat" temperature 
of the coolant exiting the refrigeration within a predetermined range (e.g. 
between 1 and 5 degrees F) corresponding to a desired circulation rate (e.g. 
slightly less than 1 .0). According to another embodiment, the speed of the 
pump may be controlled so that the coolant exiting the refrigeration device is 
at approximately saturated vapor conditions with a circulation rate of 
approximately 1 .0. In such an alternative embodiment, the coolant may gain 
heat in the return piping (e.g. through insulation, etc.) so that the coolant is in 
a slightly superheated condition. It is believed that variable speed control of 
the coolant flow device in such a manner minimizes the energy consumed by 
the pump, maintains the desired rate of flow of coolant within the system, and 
may improve the energy efficiency of the refrigeration system. 

[0050] According to any preferred embodiment, the components of the 
secondary cooling system are configured to withstand the higher operating 
pressures that correspond to the warmer temperature of the coolant used in 
such medium temperature applications. According to another alternative 
embodiment, the secondary cooling system may use the coolant in a liquid 
phase only (e.g. without vaporization) for sensible heat transfer. 

[0051] According to a particularly preferred embodiment, main condenser- 
evaporator 40 is provided at an elevated location above the components of 
secondary cooling system 30 (e.g. on a roof, in an overhead area, etc.) to 
promote a "natural" circulation of the coolant by gravity flow and temperature 
gradients. For applications involving a single refrigeration device 12, such as 
a walk-in cooler or other enclosed space, the natural circulation of the coolant 
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may be sufficient to circulate the coolant within the secondary cooling system, 
and coolant flow devices, such as pumps, etc. may be omitted. 

[0052] Referring to FIGURES 1 and 2B, secondary cooling system 30 may 
also include a charging system 78 for providing initial charging of the coolant 
in secondary cooling system 30, or recharging in the event of leakage or other 
loss of secondary coolant from secondary cooling system 30. Charging 
system 78 is shown including a supply source of coolant (e.g. tank, 
pressurized cylinder, etc.). According to a particularly preferred embodiment, 
the secondary coolant is carbon dioxide (C02) as defined by ASHRAE as 
refrigerant R-744 that is maintained below a predetermined maximum design 
temperature that corresponds to a pressure that is suitable for use with 
conventional refrigeration and cooling equipment (e.g. cooling coils and 
evaporators in the refrigeration device, the condenser-evaporator, valves, 
instrumentation, piping, etc.). 

[0053] The use of C02 within a temperature range that corresponds to a 
pressure within the limitations of conventional refrigeration equipment is 
intended to permit the system to be assembled from generally commercially 
available components (or components which can be readily fabricated) and 
tends to avoid the expense and time associated with custom designed and 
manufactured equipment that would otherwise be required for use with C02 
at pressure levels that correspond to normal ambient temperature levels. 
Primary refrigeration system 20 maintains the coolant at a suitable 
temperature for use in providing cooling to refrigeration devices 12, and well 
below the design temperature of the coolant that corresponds to the pressure 
limitations of the equipment. According to a particularly preferred 
embodiment, the predetermined normal design temperature is approximately 
22 degrees F, corresponding to a pressure of the coolant in the system of 
approximately 420 pounds per square inch gage (psig). In the event of 
unavailability of primary refrigeration system 20 (e.g. equipment malfunction, 
power loss, defrost, maintenance, etc.) the temperature of the coolant may 
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begin to approach ambient temperature (typically well above the normal 
design temperature) which raises the possibility that the corresponding 
increase in pressure may actuate over-pressure protection devices (e.g. relief 
valves, rupture discs, etc.) intended to prevent damage to components of the 
secondary cooling system. Actuation of the over-pressure protection devices 
(such as relief valves 94 as shown schematically in FIGURES 2B through 2D) 
may result in discharge of the coolant to the atmosphere, which typically 
requires maintenance and recharging of the system. According to an 
exemplary embodiment, relief valves 94 are configured to return the 
discharged coolant to another portion of the system (see for example FIGURE 
15). 

[0054] Referring further to FIGURES 1 and 2A through 2C, standby 
condensing system 80 (e.g. backup condensing system, auxiliary condensing 
system, etc.) is provided in the event that operation of primary refrigeration 
system 20 is unavailable or otherwise insufficient to maintain the coolant 
below the design temperature. A control system may be provided to monitor 
parameters representative of the primary refrigeration system, or the pressure 
and/or temperature conditions of the coolant in the secondary cooling system 
to initiate the standby condensing system when required. According to a 
preferred embodiment, when standby condensing system 80 is initiated (e.g. 
activated, etc.) the control system terminates operation of pumps that 
circulate the coolant, and fans that transfer heat to the coolant (e.g. at the 
cooling interfaces) to minimize the amount of heat added to the coolant. 
Standby condensing system 80 is sized to provide sufficient heat removal 
capability to maintain the coolant below the maximum design pressure, but 
typically not to maintain the coolant at the desired supply temperature to 
refrigeration devices 12. 

[0055] Standby condensing system 80 is shown as provided with a back-up 
power supply 82 (e.g. gas or diesel generator, battery system, etc.) that may 
be configured to operate upon any suitable demand signal (e.g. loss of 
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electrical power, coolant pressure increase, etc.). Backup power supply 82 is 
configured to provide sufficient energy to operate the components of standby 
condensing system 80, shown as a compressor 84, a condenser 86, a 
receiver 88, an expansion device 90, and a standby condenser-evaporator 92. 
To further protect the components of secondary cooling system 30 from 
damage, over-pressure relief devices 94 (e.g. relief valves, etc.) are provided 
at appropriate locations throughout secondary cooling system 30 and are 
vented to "safe" locations (e.g. outdoors, an area outside of the walk-in 
freezer or facility, etc.). Relief devices 94 may be adjustable and set to 
regulate the C02 pressure of the system at a predetermined level below the 
pressure limitations of the system. According to an alternative embodiment, 
the standby condensing system may comprise a portion of the primary 
refrigeration system. For example, a standby generator may be configured for 
connection to the primary refrigeration system to provide power or at least one 
compressor of the primary refrigeration system in the event that electric power 
is lost at the facility, etc.). By further way of example, the standby condensing 
system may have a compressor configured to provide a refrigerant to the 
main condenser-evaporator. According to any alternative embodiment, the 
standby condensing system and the primary condensing system may "share" 
one or more components to reduce the cost, size, and complexity of the 
system. 

[0056] According to any exemplary embodiment, the primary refrigeration 
system and the secondary cooling system are provided with conventional 
components such as controls, gages, indicators and instruments associated 
with measurement of parameters such as temperature, pressure, flow, C02 
concentration, humidity and level to provide signals or indications 
representative of the measured parameter, and may be provided for testing 
and setup of the refrigeration system, or testing, setup and operation of the 
refrigeration system. 
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[0057] Referring to FIGURES 2D and 3A through 3C, additional features 
and details of separator 50 are shown according to an exemplary 
embodiment. Separator 50 is shown schematically as a separate component 
from the other components of the refrigeration system and includes a vessel 
64 with a supply line 52 and a return line 54 for refrigeration devices 12, a 
supply line 56 and return line 58 to main condenser-evaporator 40, a supply 
line 60 and return line 62 to standby condensing system 80 and suitable 
connections for a level indicating device 66 configured to provide an indication 
and/or signal(s) representative of the level of liquid coolant in vessel 64 of 
separator 50. 

[0058] Referring to FIGURES 1 through 3C, the components of the 
refrigeration system 10 are shown as separate components that are 
interconnected by suitable connections (e.g. tubing, piping, connectors, 
fittings, unions, valves, etc.). According to other exemplary embodiments, the 
components of the refrigeration system may be designed with one or more of 
the components combined into a combination-type or integrated-type device 
or assembly. The ability to combine the components of the refrigeration 
system into one or more combinations or assemblies is intended to reduce the 
size, cost and complexity of the refrigeration system, and to improve system 
performance and ease of installation. 

[0059] Referring to FIGURE 8, one configuration of an assembly 102 
combining the separator and the standby condenser-evaporator is shown 
according to an exemplary embodiment. Assembly 102 is shown 
schematically comprising vessel 64 having connections for supply line 52 and 
return line 54 to refrigeration device(s) 12, connections for supply line 56 and 
return line 58 from main condenser-evaporator 40, and supply line 60 and 
return line 62 from standby condensing system 80. Standby condenser- 
evaporator 92 is shown schematically as a heat exchanger (e.g. tube coil, 
etc.) provided generally within the uppermost portion of vessel 64 having a 
heat transfer surface and configured to provide a source of cooling within 
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separator 50 by circulating a flow of a refrigerant from standby condensing 
system 80. The positioning of standby condenser-evaporator 92 within the 
uppermost portion of vessel 64 is intended to enhance condensation of 
secondary coolant from a vapor state to a liquid state on the heat transfer 
surface. The condensed liquid coolant drains to a lower portion of vessel 64. 
Vessel 64 may have any suitable size and shape. According to one 
embodiment, the vessel is generally cylindrical with a height of approximately 
32 inches and a diameter of approximately 16 inches, however, other suitable 
shapes and sizes may be used. According to an alternative embodiment, the 
standby condenser-evaporator may have any suitable shape and form (such 
as finned surfaces, etc.) and may be located at any suitable position in 
relation to the vessel for cooling and condensing vapor within the separator 
when the standby condensing system is activated. 

[0060] Referring to FIGURE 9, another configuration of an assembly 104 
combining the separator and the standby condenser-evaporator is shown 
according to an exemplary embodiment. Assembly 104 is similar to assembly 
102 (as shown schematically in FIGURE 8), and includes a recess 106 (e.g. 
bell, dome, shell, cap, etc.) in the uppermost portion of the vessel 64. The 
standby condenser-evaporator 92 is shown positioned generally within recess 
106 for cooling and condensing vaporized secondary coolant within the 
separator when the standby condensing system is activated. 

[0061] Referring to FIGURE 10, one configuration of an assembly 110 
combining the separator, the standby condenser-evaporator, and the main 
condenser-evaporator is shown according to an exemplary embodiment. 
Assembly 110 is similar to assembly 104 (see FIGURE 9) and includes a heat 
exchanger (e.g. tube coil, etc.) having a heat transfer surface area configured 
to function as the main condenser-evaporator. The heat exchanger main 
condenser-evaporator is shown schematically as a tube-coil 112 designed 
with a sufficient size and capacity to replace an external main condenser- 
evaporator. According to one embodiment, tube-coil 112 may be a single- 
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pass tube-coil for circulating the refrigerant and cooling the heat transfer 
surface to provide cooling and condensation of the secondary coolant in a 
vapor state. According to another embodiment, tube-coil 112 may be a 
multiple-pass tube-coil or multiple tube-coils having a distributor device 1 14 
for interconnection with the refrigerant supply line 58 to circulate an 
approximately even flow of refrigerant through the tube-coil(s) (see FIGURE 
12). Distributor device 1 14 is intended to act as a "header 1 ' or "manifold" for 
distributing the flow of refrigerant from refrigerant supply line 58, through the 
multiple tube-coils, and back to refrigerant return line 56. Distributor device 
1 14 is shown schematically as having a generally truncated-cone shape, but 
may have any suitable shape and configuration for distributing a flow of 
refrigerant from a supply line, through multiple tube-coils, such as may be 
commercially available. According to an alternative embodiment, the heat 
exchanger functioning as the main condenser-evaporator may have any 
suitable shape and form (such as a tube-coil, multiple tube-coils, or other heat 
exchanger design, finned surfaces, etc.). For example, the heat exchanger 
may be built in or surrounding the wall of the vessel, or may be any suitable 
heat exchange device located in relation to the vessel to condense vaporized 
secondary coolant. The heat exchanger functioning as the main condenser- 
evaporator may be located at any suitable position in relation to the vessel for 
cooling and condensing vaporized secondary coolant. 

[0062] Referring to FIGURE 1 1 , another configuration of an assembly 120 
combining the separator, the standby condenser-evaporator and the main 
condenser-evaporator is shown according to an exemplary embodiment. 
Assembly 120 is similar to assembly 110 (as shown schematically in FIGURE 
10) and assembly 102 (as shown schematically in FIGURE 8). 

[0063] Referring to FIGURE 13, a separator 150 is shown in a generally 
horizontal configuration according to an exemplary embodiment. In certain 
applications it may be desirable to provide a separator that occupies less 
vertical space than a vertically-oriented separator (e.g. where a refrigeration 
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system is provided in a facility having limited vertical space, such as a 
mechanical enclosure located on a rooftop, etc.). In such applications the 
height of the overall assembly of components of the refrigeration system is 
typically related to the amount of net positive suction head (NPSH) required 
by a pump for circulating the secondary coolant (for systems provided with a 
pump), or to the amount of head required to circulate a sufficient gravity- 
induced rate of flow of the secondary coolant (for systems without a pump). 
Separator 150 may be provided in a generally horizontal configuration 
intended to elevate the level of the liquid relative to a pump or refrigeration 
device. Elevation of the level of liquid in the horizontal separator device 
(represented schematically by "H") is intended to increase the amount of head 
available for use with the system, then may otherwise be available for 
vertically-oriented separators within a space having limited vertical space. 

[0064] Referring to FIGURE 14, a valve assembly for use in improving 
defrost times for defrosting a cooling interface in refrigeration device 12 is 
shown according to an exemplary embodiment. In a typical refrigeration 
device, a frost buildup tends to occur on the surfaces of the cooling interface 
(e.g. cooling coil, etc.) in the refrigeration device as moisture in the air 
condenses and freezes on the surfaces of the cooling interface. Such typical 
refrigeration devices often provide flow regulating devices (e.g. valves, 
solenoid operated valves, etc.) to stop the flow of coolant to the cooling 
interface prior to initiation of a defrosting cycle in which a source of heat is 
provided to melt the frost/ice from the surfaces of the cooling interface. 
Stopping the flow of refrigerant is intended to minimize removal of such heat 
by the coolant so that the effectiveness of the defrosting process is enhanced. 
Such typical refrigeration devices often have a cooling interface in the form of 
a tube-coil that is circuited having an inlet at the bottom of the coil and an 
outlet at the top of the coil. In such a typical system a valve is located at the 
inlet to the tube-coil and is closed prior to initiating the defrost cycle. The 
liquid coolant that remains in the coil tends to slowly evaporate and move into 
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a return line that exits at the top of the tube-coil and then the defrosting 
process is initiated. 

[0065] In applications where a significant amount of liquid coolant remains 
in the coil, the time required to clear the coolant from the coil by vaporization 
may be excessive, leading to warming of the products that are stored in the 
refrigeration device. According to the embodiment shown in FIGURE 14, a 
valve 124 (e.g. solenoid valve, etc.) is provided on coolant return line 54 at an 
upper, outlet side of cooling interface 16. It is believed that when valve 124 is 
closed, and the coolant begins to vaporize, the expanding volume of the 
vaporizing coolant tends to move (e.g. "force," etc.) the remaining liquid 
coolant in the tube-coil from the bottom portion of the tube-coil and into supply 
line 52, thus decreasing the amount of time necessary to clear the liquid 
coolant from the coil or other element of cooling interface 16 and permitting a 
more rapid initiation of the defrost process. 

[0066] Referring to FIGURE 15, a pressure relief system for a refrigeration 
device is shown according to an exemplary embodiment. In a typical 
refrigeration system, a valve (e.g. isolation valve) is provided on the inlet and 
the outlet of a cooling interface to permit isolation of the cooling interface to 
facilitate installation, maintenance, troubleshooting, or cleaning of individual 
cooling interface(s) in a refrigeration device. In a refrigeration system using 
C02 or other high-pressure refrigerant as a coolant, potential damage to the 
cooling interface may occur when the refrigerant trapped in the cooling 
interface by the isolation valves expands under the influence of ambient 
temperature conditions. In such typical refrigeration devices, over-pressure 
protection devices (e.g. relief valves, etc.) are placed on the cooling interface 
(e.g. tube-coil) and vented to a "safe" area (e.g. atmosphere external to a 
store, etc.) to relieve pressure within the coil if predetermined pressure limits 
are exceeded. Such typical relief valve configurations tend to result in 
unrecoverable loss of the coolant charge and require repair or replacement of 
the relief valve. According to the embodiment shown in FIGURE 15, a relief 
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valve 126 is provided adjacent cooling interface 16 and has a return 120 or 
"discharge" routed to return line 54 from cooling interface 16. In the event that 
a pressure condition within the cooling interface causes the relief valve to 
open, the discharged coolant is directed back to the coolant piping to prevent 
loss of the coolant, reduce the need to recharge the system, and reduce the 
time duration that the system is out of service. According to an alternative 
embodiment, the discharge of the relief valve may be configured to return the 
discharged coolant to a supply line for the coolant. 

[0067] Referring to FIGURE 16, a piping system for a coolant is shown 
according to an exemplary embodiment. In conventional refrigeration 
systems, the refrigeration devices are typically located at a significant 
distance from the other components of the system and often require 
installation and insulation of long coolant supply lines and coolant return lines. 
Referring to FIGURES 16A and 16B, a piping system is shown that is 
intended to permit installation and insulation of only a single pipe between the 
refrigeration device and other components of the system. As shown 
schematically, supply line 52 has a first diameter and is intended to provide 
coolant in a substantially liquid state to the refrigeration device. Coolant 
return line 54 has a second diameter and is intended to return the coolant in a 
combined liquid-vapor or vapor state (depending on the circulation rate) from 
the refrigeration device. Supply line 52 may be routed within return line 54 so 
that a single pipe may be installed and insulated. The configuration shown 
schematically in FIGURES 16A and 16B is intended to be useful in systems 
where the difference in temperature between the coolant supply and the 
coolant is return is minimized (e.g. a circulation rate greater than 1.0, etc.). v 

[0068] Referring to Table 1 , sizing and design considerations and 
parameters for the refrigeration system having C02 as a coolant are shown 
according to an exemplary embodiment. 

[0069] Referring to FIGURES 5 through 7, a refrigeration system 10 having 
a primary refrigeration system 20 and a secondary cooling system 30 is 
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shown according to another preferred embodiment. Secondary cooling 
system 30 includes a condenser-evaporator 40, a separator 50, at least one 
refrigeration device 12, and a vessel 130 (such as a fade-out vessel, 
container, expansion tank, etc.). Vessel 130 is configured to accommodate 
an increase in temperature of the secondary coolant in the event that primary 
refrigeration system 20 is or becomes unavailable to maintain the coolant at a 
temperature that is below a predetermined (e.g. "maximum," etc.) design 
temperature. Vessel 130 is sized to provide sufficient volume on the "vapor 
portion" of secondary cooling system 30 so that the pressure of the mass of 
coolant resulting from an increased temperature of the coolant (e.g. 
"maximum" ambient temperature, etc.) will be maintained with the pressure 
limits of the components of secondary cooling system 30. Vessel 130 permits 
a coolant such as C02 to be used as a secondary coolant at generally low 
pressures that are intended to be within the design pressure limitations of 
many conventional refrigeration components. According to a particularly 
preferred embodiment, in the event that the primary refrigeration system 
becomes unavailable, vessel 130 has a volume that maintains the pressure of 
the coolant below a maximum pressure of 450 pounds per square inch gage 
(psig) when the temperature of the coolant rises toward ambient temperature 
conditions. Vessel 130 is sized to permit the temperature of the coolant to 
reach ambient design temperatures without exceeding the pressure limitations 
of the components of the secondary cooling system, and without the use of a 
standby or auxiliary condensing system. According to an alternative 
embodiment, an auxiliary condensing system may be used in combination 
with a vessel to increase the design options and performance characteristics 
of the secondary cooling system. According to another alternative 
embodiment, the vessel may be a replaced with an expansion device (e.g. 
expansion tank, etc.) that has a volume that increases to allow expansion of 
the coolant when the temperature of the coolant increases to limit the 
pressure of the coolant within an acceptable pressure range. 
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[0070] Referring further to FIGURES 5 and 6, the refrigeration system 
includes primary refrigeration system 20 and secondary cooling system 30. 
Primary refrigeration system 20 includes conventional refrigeration equipment 
configured to a cool and route a primary refrigerant to a heat exchanger 
(shown schematically as a condenser-evaporator device 40, which may be a 
tube-coil, plate-type or other suitable type of heat exchanger). According to a 
particularly preferred embodiment, the primary refrigeration system is a direct 
expansion system with a refrigerant (such as R-507 or ammonia) having a 
temperature at the inlet to the condenser-evaporator of approximately -25 deg 
F [below zero] (or lower). The primary refrigeration system may include an 
evaporation pressure regulator of a conventional type. The primary 
refrigeration system may be provided at any suitable location such as on the 
roof of a facility (e.g. supermarket, grocery store, etc.) or in an equipment 
room within the facility or other suitable location that provides an elevated 
source of primary cooling such that the secondary coolant may operate in a 
natural circulation pattern (e.g. gravity and or temperature gradients, etc.). 
The primary refrigeration system is operated and controlled in a conventional 
manner to provide the desired cooling to the condenser-evaporator, in 
response to the heat load on the condenser-evaporator from the secondary 
cooling system. According to an alternative embodiment, the primary 
refrigerant may be configured for delivery to the condenser-evaporator at any 
suitable temperature to fulfill the thermal performance requirements of the 
system. 

[0071] Referring further to FIGURES 5 and 6, secondary cooling system 30 
includes a coolant adapted to circulate to condenser-evaporator 40, a 
separator 50 (shown schematically as a liquid-vapor separator device - see 
FIGURE 7), at least one refrigeration device 12, and vessel 130 (shown 
schematically as a fade-out vessel). According to a particularly preferred 
embodiment, secondary cooling system 30 may interface with a single 
refrigeration device 12 (see FIGURE 6) or with several devices. The use of a 
single or small number of refrigeration devices improves the practicality of 
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using a vessel by permitting a relatively "small" amount of coolant to be used. 
The "small" amount of coolant can be more readily accommodated by a 
vessel having a reasonably practical size, in the event that the primary 
refrigeration system is unavailable. In comparison, systems having large or 
multiple refrigeration devices typically require a larger quantity of coolant and 
thus a correspondingly larger fade-out vessel, which may not be commercially 
practical for certain large systems. 

[0072] According to a particularly preferred embodiment, condenser- 
evaporator 40 is provided at an elevated location above the components of 
secondary cooling system 30 (e.g. on a roof, in an overhead area, etc.) to 
promote a "natural" circulation of the coolant by gravity flow and temperature 
gradients. The system may be provided with a secondary coolant pump 
(shown schematically for example as pump 132) or may be configured for 
natural circulation (e.g. non-compression). For applications involving a single 
refrigeration device 12, such as a walk-in cooler or other enclosed space, the 
natural circulation of the coolant may be sufficient to circulate the coolant 
within the secondary cooling system and coolant flow devices, such as 
pumps, etc. may be omitted. 

[0073] According to a particularly preferred embodiment, the secondary 
coolant is carbon dioxide (C02) defined by ASHRAE as refrigerant R-744 that 
is maintained below a predetermined maximum design temperature that 
corresponds to a pressure that is suitable for use with conventional 
refrigeration and cooling equipment (e.g. cooling coils and evaporators in the 
refrigeration device, the condenser-evaporator, valves, instrumentation, 
piping, etc.). Use of C02 within a temperature range that corresponds to a 
pressure within the limitations of conventional refrigeration equipment allows 
the system to be assembled from generally commercially available 
components (or components which can be readily fabricated) and tends to 
avoid the expense and time associated with custom designed and 
manufactured equipment that would otherwise be required for use with C02 
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at pressure levels that correspond to normal ambient temperature levels. The 
primary refrigeration system maintains the coolant at a suitable temperature 
for use in providing cooling to the refrigeration devices, and well below the 
temperature of the coolant that corresponds to the pressure limitations of the 
equipment. According to a particularly preferred embodiment, the 
predetermined design temperature is approximately 22 degrees F, 
corresponding to a pressure of the coolant in the system of approximately 420 
pounds per square inch gage (psig). In the event of unavailability of the 
primary refrigeration system (e.g. equipment malfunction, power loss, 
maintenance, defrost, etc.) the temperature of the coolant may begin to 
approach ambient temperature (typically well above the design temperature) 
resulting in a corresponding pressure increase. 

[0074] Referring further to FIGURES 5 and 6, vessel 130 is shown 
according to one embodiment as connected to a portion of secondary cooling 
system 30 containing coolant in a vapor form or located at an elevation above 
the vapor portion of separator 50 so that vessel 130 contains secondary 
coolant in a vapor state only. According to a preferred embodiment, the 
vessel provides sufficient volumetric capacity to allow the secondary coolant 
to reach a pressure corresponding to ambient temperature design conditions 
that does not exceed a predetermined maximum pressure rating (e.g. 450 
psig, etc.) of the piping and other components (e.g. separator, valves, cooling 
coils or evaporators in the refrigeration devices, etc.) of the secondary cooling 
system. The vessel may be a custom designed pressure vessel, or may be 
any commercially available volume (e.g. tank, cylinder, container, etc.) and 
may be made of any suitable material that is compatible with the secondary 
coolant and has sufficient volume and pressure capability to accommodate 
the coolant. According to an alternative embodiment, the vessel may be 
replaced with any suitable volume on the secondary cooling system. For 
example, the volume may be built in to the vapor side of the separator as an 
increased volume, or the piping on the vapor side of the secondary cooling 
system may have an increased size to provide sufficient volume to 



001.1500649 



Attorney Docket No.: 060507-1062 



accommodate an increase in temperature of the coolant to ambient 
temperature design conditions without exceeding a predetermined pressure 
limit for the components of the secondary cooling system. 

[0075] Referring to TABLE 2, a methodology for sizing the vessel is shown 
according to an exemplary embodiment. The methodology of TABLE 2 
includes the following steps: 

[0076] Select a secondary coolant (e.g. C02, etc.) and identify the 
properties of the coolant from conventional tables for a design condition at 
ambient temperature and for a normal operating temperature condition. 

[0077] Determine the cooling requirements of the system for the desired 
refrigeration device(s). 

[0078] Determine the size of the piping and components according to the 
desired flow rates of the coolant and desired pressure drop of the coolant 
throughout the piping system. 

[0079] Determine the volume of the components and piping of the 
secondary system and identify which components will contain the coolant in 
vapor form, liquid form, and mixed liquid vapor form. 

[0080] Select a maximum working pressure (Pmax) and maximum system 
working temperature (Tmax) for the secondary coolant in the system. 

[0081] Calculate (or determine from a pressure-enthalpy diagram) the 
specific volume (v) of the secondary coolant for the system corresponding to 
Pmax and Tmax. 

[0082] Select the normal system operating pressure (P1 ) and normal 
system operating temperature (T1), which is the saturation temperature of the 
coolant corresponding to the specific volume. 
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[0083] Determine the quality (vapor fraction - shown as Xsys) of the 
secondary coolant. Select the required mass of secondary coolant liquid 
(Mliq) to operate the system at P1 and T1 , from the volume of the piping and 
components in the portion of the secondary coolant system that is occupied 
by liquid coolant. 

[0084] Calculate the total mass of coolant for the secondary coolant system 
(Msys) using Xsys (e.g. Msys = [Mliq/(1 - Xsys)]. 

[0085] Calculate the total secondary coolant system volume (Vsys) based 
on the specific volume and the total mass [Vsys = (v)(Msys)]. 

[0086] Calculate the volume of the expansion vessel (Vexp) based on the 
total internal volume of the secondary system (Vreq) for example (Vexp = 
Vsys - Vreq). 

[0087] To provide additional assurance that the pressure of the coolant in 
the secondary system will be maintained below the maximum design 
pressure, one or more pressure relief devices (e.g. relief valves, etc.) may be 
provided at appropriate locations throughout the secondary cooling system 
and are vented to open locations (e.g. outdoors, an area outside of the walk-in 
freezer or facility, etc.). The relief valves may be adjustable and set to 
regulate the C02 pressure of the system at a predetermined level below the 
pressure limitations of the system. 

[0088] Referring to FIGURE 7, additional features and details of the 
separator are shown according to a preferred embodiment. 

[0089] According to alternative embodiments, the refrigeration system may 
be a refrigerator, a freezer, a cold storage room, walk-in freezer, open or 
closed storage or display device such as "reach-in" coolers, etc. In other 
alternative embodiments, the coolant may be any suitable compound useful 
as a coolant in a refrigeration device and having generally non-harmful 
environmental characteristics. In further alternative embodiments, the 
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standby condensing unit may be omitted, and a vessel or an expansion tank 
or other suitable storage device provided having sufficient volumetric capacity 
to accommodate the coolant or allow the coolant to expand, in the event that 
the primary refrigeration system is unavailable, such that the pressure of the 
coolant at normal ambient temperature conditions does not exceed the 
pressure limitations of the system. 

[0090] It is important to note that the construction and arrangement of the 
elements of the refrigeration system provided herein are illustrative only. 
Although only a few exemplary embodiments of the present invention have 
been described in detail in this disclosure, those skilled in the art who review 
this disclosure will readily appreciate that many modifications are possible in 
these embodiments (such as variations in features such as components, 
coolant compositions, heat sources, orientation and configuration of 
refrigeration devices, location of components and sensors of the cooling and 
control systems; variations in sizes, structures, shapes, dimensions and 
proportions of the components of the system, use of materials, colors, 
combinations of shapes, etc.) without materially departing from the novel 
teachings and advantages of the invention. For example, closed or open 
space refrigeration systems may be used having either horizontal or vertical 
access openings, and cooling interfaces may be provided in any number, 
size, orientation and arrangement to suit a particular refrigeration system. 
According to other alternative embodiments, the refrigeration system may be 
any device using a refrigerant or coolant for transferring heat from one space 
to be cooled to another space or source designed to receive the rejected heat 
and may include commercial, institutional or residential refrigeration systems. 
Further, it is readily apparent that variations of the refrigeration system and its 
components and elements may be provided in a wide variety of types, 
shapes, sizes and performance characteristics, or provided in locations 
external or partially external to the refrigeration system. Accordingly, all such 
modifications are intended to be within the scope of the inventions. 
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[0091] The order or sequence of any process or method steps may be 
varied or re-sequenced according to alternative embodiments. In the claims, 
any means-plus-function clause is intended to cover the structures described 
herein as performing the recited function and not only structural equivalents 
but also equivalent structures. Other substitutions, modifications, changes 
and omissions may be made in the design, operating configuration and 
arrangement of the preferred and other exemplary embodiments without 
departing from the spirit of the inventions as expressed in the appended 
claims. 
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